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Abstract
Knox genes have been found in nearly all eukaryotic organisms. These genes
code for a protein that is able to bind DNA. By binding to DNA, it is capable of
controlling the expression of other genes. The coded sequence of these genes has been
determined in many different organisms, but has yet to be searched for in the air plant,
Kalanchoe pinnatum. I did research over the past year in an attempt to find the coded
sequence of Kalanchoe's Knox gene.
I grew Kalanchoe in Butler's greenhouse to accumulate enough plant material to
begin work. I then extracted the RNA from the plant and converted it into a more stable
fonn, DNA, using a procedure called RT-PCR. PCR amplified the small amount of
original RNA into large quantities of DNA using Knox-specific primers. This DNA was
then sent to a commercial lab where its coded sequence was determined and returned. I
then compared the coded sequence to other known Knox sequences to determine the
reliability of the results received.
As a result of this work, a relative of Knox genes was found in Kalanchoe
pinnatum and the partial RNA sequence was determined. This work provides for further
comparison of Knox gene sequences between species.
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Introduction
Within the typical multicel1ular organism, there are billions of cells which make
up everything from root hairs to cells containing chlorophyll. Whether it is found in the
root, shoot or leaf, every cell within the organism contains the exact same set of genes
coded by DNA. These genes are translated into proteins that perform many cellular
functions. Even though every cell in an organism contains these genes, each individual
cell will only express a small portion of the possible genes. An interesting question in
developmental biology is: what mechanism determines which genes are expressed in
which cells? For example, how is hemoglobin expressed in the red blood cells of
humans, but in very few others of the billions of cells?
Part of the answer to this question lies within the genes themselves. Regulatory
genes are responsible for controlling the expression of other genes. One such class of
regulatory genes is the homeobox genes which encode proteins that are able to bind
DNA. Homeobox genes are approximately 180 base pairs in length and encode proteins
approximately 60 amino acids long. The DNA-binding domain, called a homeodomain,
is structurally related to helix-tum-helix motifs of many bacterial regulatory proteins.
Helix-tum-helix motifs have alpha helices able to fit in the major groove of a DNA
molecule, allowing them to affect its rate of transcription (Hartwell et a1., 2004). These
homeobox genes and their subsequent homeodomain proteins have been found in almost
all eukaryotic life forms (Hake et a1., 2004).
Homeobox genes are found in plant meristems where they play an important role
in meristem maintenance during development (Hake et al., 2004). Meristems are found
at the tips of growing plant shoots and roots, underneath expanding bark and in some
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leaves. Meristems are placed at the shoot apex and other locations by expression of a
PINHEAD protein that begins meristematic growth in cells (Newman et aI., 2002).
Meristems are composed of a group of plant cells capable of infinite division whose
function is to provide for new plant growth (Allaby 1992). As the meristem produces
new cells, the cells at the border of the meristem are pushed to the outside of the region,
where they start to differentiate (Smith et al., 1992). Differentiation, a process enhanced
by genetic regulation, occurs when a cell acquires new characteristics not seen in
meristematic cells, such as thicker cellulose for support tissues or extra pores for sugar
transport in the phloem (Allaby 1992). When this differentiation occurs, a cell can no
longer divide. If differentiation occurs within the meristem, it will not be able to divide
and properly fulfill its meristem function. To prevent differentiation from occurring in
the meristem, regulation of the genes that control whether plant cells differentiate is
necessary. In the mersitem, this need is fulfilled by a specific class of homeobox genes,
called Knox genes. There are a number of Knox genes that operate in and help to
maintain the meristem, for example Knotted (Vollbrecht et a!., 1991), Wuschel and
Shootmeristemless (Lenhard et al., 2002). Mutants that do not express these Knox genes

are unable to maintain meristems and suffer extremely stunted growth (Gallois et aI.,
2002). When cells are pushed outside of the meristem region, proteins not expressed in
the meristem induce differentiation and cellular growth. Genes such as the Yabby gene
have been shown to promote cell differentiation (Kumaran et aI., 2002), while expansin
proteins allow greater extensibility in cell walls leading to increased cell size (pien et al.,
2001). By preventing differentiation in the meristem, these Knox genes help to maintain
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the pocket of continuous cell division which allows further plant growth (Gallois et al. ,
2002).

Kalanchoe pinnatum, also referred to as Bryophyllum pinnatum, Bryophyllum
calycinum or the air plant (Quattrocchi 2000; Yarbrough 1932), is found in many island
ecosystems and is considered a weed because of its invasive nature (Yarbrough 1932).
The air plant is interesting because when a leaf falls from it, new plants grow out from
the indentations seen in the leaf periphery. These indentations that grow new plants
produce meristems which lead to stem growth, like those seen in the tip of a shoot
(Yarbrough 1932).
Because Knox genes place and regulate shoot apical meristems, it is also likely
that they are similarly involved with forming meristems on shoots growing out of the

Kalanchoe leaf indentations. This is likely the case because overexpression of Knotted-l
in maize leads to alterations in leaf development, including groups of continually
dividing knots, or meristems (Vollbrecht et aI., 1991). This same gene was later found to
be normally expressed in the Maize meristem and important in regulating differentiation,
explaining its overexpression effects on leaves (Jackson et al., 1994). A similar,
overexpressed Knotted-l gene in mutant Arabidopsis leaves leads to sporadic, ectopic
meristem and shoot formation (Lincoln et al., 1994; Nishimura et aL, 2000). In Solanum

lycopersicum, KNOX proteins have been shown to be essential in forming complex,
compound leaves (Kim et al., 2003). Since shoot formation occurs at the site of

Kalanchoe leaf meristems, it is likely that a Knox gene variant is also responsible here.
It is the goal of the project to determine if Knox genes are present at the leaf
meristems found in Kalanchoe pinnatum. These genes will then be sent to have their

5

coded DNA sequences detennined at a lab. The last step will be to compare found
sequences to other known Knox sequences to detennine how closely related they are.
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Methods
Microscopy
In order to prepare meristem sections for light microscopy, excised Kalanchoe
apical meristems were placed in water. The meristems were passed through a standard
solution series procedure (appendix 2) which fixes the tissues in Formalin Acetic Acid
(FAA) then dehydrates them in ethanol, xylene and finally Paraffin wax (Johansen 1940).
The meristems were then aligned and submerged in room temperature water to quickly
harden the wax and to avoid crystallization. Meristems were then sectioned with a
microtome and mounted to slides using Haupt's adhesive (Johansen 1940) covered with
3.0% formalin. After drying, these slides were put through a standard solution series to
remove the wax, stain the tissues and ensure a hydrophobic slide (Johansen 1940).
Coverslips were then permanently affixed to the slides using Permamount allowing
visualization with a Leica DMLB light microscope.

RNA Isolation
To isolate a Knox gene variant from Kalanchoe pinnatum, enough plants had to be
grown to have adequate quantities of leaf nodes for apical meristem isolations. Leaves
were removed from existing plants, placed in sealed, humid, growth trays containing
vermiculate, and placed underneath growth lamps to allow foliar meristems to grow. The
resulting plants were then transferred to pots and placed in the greenhouse to continue
growth.
Total RNA was isolated from leaf meristems using a standard and common
procedure outlined in the RNeasy Plant and RT-PCR kits (QIAGEN, Valencia, CA).
Foliar embryos were cut out of leaf nodes and ground with mortar and pestle containing
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liquid nitrogen to prevent environmental RNase from degrading the exposed RNA. One
step had to be modified to accommodate for the succulent nature of Kalanchoe

pinnatum's leaves. High molecular weight polyethylene glycol (0.15% (w/v)) had to be
added to the RLC buffer before addition of the ground plant material to negate the effect
of the phenols on RNA isolation (Gehring et al., 2000; Salzman et al., 1999; Tattersall et
al.,2005). This process serves to remove the excess plant material and to retain only the
meristem's total RNA suspended in a Tris-EDTA (TE) buffer

RT.PCR
The second part of the Knox sequence isolation was to isolate and amplify the
desired Knox gene sequence from the total RNA using RT-PCR. To accomplish this,
primers were designed that complement the Knox RNA sequence and anneal to it when
added in solution.

Primer Set A

Table 1: Primer Sets Used in RT-PCR
Meltinq Temp. rC) OliQO Sequence

Oliqo 1

59.3

OliQo 3

59

AGTTCTTCTTCCCTTGCTTC
Approx. 500 bp

Expected Product Lenqth
Designer:

TGTCAAAAGATAGGAGCACC

Kevin Brichler

Primer Set B

Olit:jo 2

64.1

TCTGGATCAGTTCATGGAAGC

Oliqo

63.7

ATTCCCTGTCTTCTCTGCCTGA

4

Expected Product Lenqth
Desit:jner:

Approx. 200 bp

Kevin Brichler

To design the primers, known Knox sequences from other plant species obtained from the
NCBI website were used as models. The particular plant species used to create the
primers shown in Table 1 were Antirrhinum majus hirizina, Brassica oleracea,
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Eschscholzia californica, Helianthus annus, Ipomea nil, Lycopersicon esculentum, Malus
domestica, Nicotiana tabacum, Setaria italica, Sorghum bicolor and Zea mays. The
NCBI website is an online Biotechnology forum where known sequences of genomes,
DNA, RNA and proteins are available. These sequences were then imported into the
Clustal-X alignment program where highly similar regions within the genes can be
searched for. The particular genes from NCBI obtained for each of the plant species used
in this alignment program are listed in appendix 4. By identifying the most highly
conserved region of the Knox sequences (the homeobox domain), primers designed to
this area should be effecti ve in amplifying a Kalanchoe Knox sequence. The primers are
short RNA sequences that are synthesized by Sigma Genosys.

In addition to the primers described in Table 1, two more sets of primers were
designed during this work (appendix 1, table 2). Primer sets D and E were designed
using the same methods and plant species as those used to design sets A and B.
However, different homologous regions of the alignment were used to create the primers.
These secondary primers were less successful in amplifying Knox genes in the RT-PCR
reaction. Use of these sets was discontinued in favor of primer sets A and B for the
remainder of the work.
Before beginning the procedure, the concentration of RNA in the sample obtained
from the RNeasy kit had to be calculated (appendix 3). This was done by using a Cady
Spectrophotometer to determine the absorbance at 260nm of the RNA sample. By
calculating the concentration of RNA in the sample, the amount of RNA sample
containing the required 2 Ilg needed in the next step, RT-PCR, was determined.
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The first part of RT-PCR was entitled reverse transcription (RT), in which the
RNA isolated from the meristems was converted into a more stable form, cDNA, which
is a double-strand of DNA and the original RNA transcript. These primers were then
added to the total RNA suspended in TE buffer along with the reagents specified by the
OneStep RT-PCR Handbook (QIAGEN, Valencia, CA). The solution was then placed in
a thermocycler set at 50°C for 30 min. and 95°C for 10 min. This allowed Omniscript and
Sensiscript Reverse Transcriptases to transcribe the Knox RNA into DNA. At the higher
temperature HotStarTaq polymerase was activated and both Reverse Transcriptases were
inactivated. At the completion of the RT half of the experiment small amounts of stable

Knox cDNA are present in the solution.
In the second half of the experiment, a Polymerase Chain Reaction (PCR) was run
on the cDNA products that result from the RT-half of the experiment. The thermocycler
(still containing the products of RT) was programmed to 35 rounds at 94°C for one
minute, between 45°C to 60°C for one minute, 72°C for one minute and a final step of
72°C for ten minutes. The first step melted the double-stranded RNA and DNA and is
called "melting". The second step allowed the solution to cool to an annealing
temperature specific for each primer set. This allowed the primers (found in higher
concentration than the DNA) to anneal to the single-stranded Knox DNA. The third step,
"extension", raised the temperature back up to HotStarTaq polymerase's optimal
temperature and copied the template strand of DNA into a double-stranded DNA. The
conclusion step to RT-PCR was final extension to extend any PCR products that did not
adequately extend in the original one minute "extension" step. In the second step,
HotStarTaq polymerase amplified the small numbers of DNA into billions of copies
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capable of being read in the Sanger sequencing reaction run MCLabs in San Francisco,
CA.

Cloning
Cloning provides a means of purifying PCR products and re-amplifying gene
products through nonnal bacterial growth. Vector cloning is also used to ensure that only
one isolated DNA strand is sent to the lab for sequencing. If a mixture of different DNA
sequences is sent, the lab is unable to sequence the desired RT-PCR product. The first
step in cloning the Knox PCR products into bacterial cells is to insert the desired product
into the pCR®4-TOPO® plasmid using the sequencing kit (Invitrogen, Carlsbad, CA).
This process yielded plasmids containing Knox DNA amplified from Kalanchbe leaves.
These plasmids were then inserted into One Shot®TOPlO chemically competent E. coli
cells according to the TOPO TA Cloning kit (Invitrogen, Carlsbad, CA). These cells
were then spread on petri dishes containing Luria Broth (LB) media with 0.005%
kanamycin antibiotic and placed in an incubator at 37°C overnight. The antibiotic
allowed only E. coli cells that have taken up a plasmid (containing an insert and a
kanamycin resistance gene) to grow. Particular E. coli colonies were then removed from
the selection dishes and used to inoculate vials of growth media. A single colony was
genetically identical, ensuring identical plasmids in every cell of the colony. These vials
were then used to create glycerol stock solutions of cloned E. coli capable of being stored
in a -80°C freezer. A digest of the bacterial cells and vector had to be perfonned
according to the PureLink Quick Plasmid Miniprep Kit (Invitrogen, Carlsbad, CA) and a
Mini-Plasmid Preparation Protocol (Winstanley 2000) to remove the desired Knox gene.
The resulting Knox DNA fragment was then prepared for sequencing.
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Gel Electrophoresis
Gel electrophoresis was used to verify the presence of genetic material after
running isolation and cloning procedures. A running buffer was added to the final
solution, supposedly containing RNA or DNA. This solution was set in a well of a 1.2%
agarose gel containing 1.8ilL Ethidium Bromide (EtBr)/ 50mL agarose gel. EtBr is a UV
fluorescent compound that allows visualization of nucleic acids under UV light.
Electricity was run through the agarose gel for approximately 1.5 hrs at 70mV. The
electricity caused the negatively charged nucleic acids to migrate through the agarose
towards the positive electrode. Shorter nucleic acid strands migrate farther than longer
strands, because they move more quickly through the pores formed during the gel's
hardening. The distance particular length strands move can be estimated by comparison
to the distance known strand-length, nucleic acids, Hyperladders, move.
Electrophoresis was used to determine the presence of RNA in the final TE
solution after the initial isolation step. A 61lL sample of TE was added to a solution
containing 2 ilL RNA running buffer and 12 ilL of RNase free water. The 20 ilL running
solution was run on an Formaldehyde Agarose (FA) gel (RNeasy Plant Kit, QIAGEN,
Valencia, CA).
Electrophoresis was also used to isolate the desired PCR product from all the
amplified products. Hyperladders, control-length nucleic acids, were then compared to
all the PCR amplified products to determine which were the Knox sequences. The
desired Knox gene bands were then cut out of the low-melt, Ix Tris / Boric Acid / EDTA
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buffered (TBE) agarose gel using a standard UV light box. Low-melt agarose was used
to avoid the need to isolate the Knox DNA from the gel.
A final use for gel electrophoresis was to isolate the Knox insert from the cloning
vector plasmid. The gel showed whether the correct length nucleotide sequence had been
inserted. After verifying that the correct length of insert had been replicated in the
bacterial growth process, it could be sent for sequencing. A Ix TBE solution and normal
melting point agarose gel were used in this step.

Sequencing
The inserted gene removed from the bacterial plasmid was sent to MC Labs in
San Francisco, CA to determine the nucleotide sequence of the gene. After sequencing,
results were compared to other known Knox gene sequences using a search on the NCBI
website.
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Results
Microscopy
The microscopy work produced some high quality images that depict the structure
of the shoot apical meristem of a Kalanchoe plant. The cells in the meristem (a) are
significantly smaller than those in other tissue areas (b).

Fig. 1: Light microscopy of KalanchOe apical merislem.

RNA Isolation
The RNA isolation procedure run according to the directions of the RNeasy Plant
Mini Kit (Valencia, CA) routinely produced no RNA for the first three attempts (Fig. 2,
lane b). A literature review revealed that the succulent nature of Kalanchoe pinnatum
affected the quality of RNA that could be isolated from its tissues (Gehrig et al., 2000,
Salzman et al., 1999, Tattersall et al., 2005). Tattersall, et al. (2005) determined that the
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addition of high molecular weight polyethylene glycol (HMW-PEG) to buffer RLC
would allow for improved RNA isolation. After the addition of 0.15% (w/v) HMW-PEG
to buffer RLC, the RNA isolation procedure produced adequate quantities of RNA to use
in RT-PCR.
Fig. 2: FA gel run with RNA isolation products

Fig. 2: The isolation procedure run without HMW-PEG (A) and again with HMW-PEG (B).

RT-PCR

RT-PCR was run with two different sets of forward and reverse primers: A and
B. Primer set A was used with an annealing temperature of 54.0°C; set B was used with
an annealing temperature of 58.7°C. The RT-PCR kit (QIAGEN, Valencia, CA)
provided an optional Q-solution that is used to improve unsuccessful reactions; it was run
against a reaction without Q-solution to check the difference in products. The results
from all four reactions were run on one TBE electrophoresis gel.
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Fig. 3: Gel of RT-PCR using primer sets A and B

Fig. 3: A Bioline Hyperladder II (A) provided comparisons for how far standard-length nucleotide sequences migrate in
the gel. RT-PCR run with primer set A was run without the optional Q-solution (B, D) and with the Q-solution (C).
RT-PCR was run again with primer set Busing Q-solution (F) and not using Q-solution (E). A control was also run of
primer set B (0).

Primer set A produced bands around 400bp long, but also amplified many smaller
fragments (Fig. 3, B). The Q-solution did not show any improvement over the standard
solution ingredients (Fig. 3, C, F), so its use was discontinued. Set B did not produce any
results in the RT-PCR reaction that corresponded to the expected fragment length of
approximately 200bp (Fig. 3, E), so work with this set was discontinued.
The problem of unwanted amplification with plimer set A was later corrected by
raising the annealing temperature to 57°C instead of 54°C. This temperature raise more
discriminately amplified Knox RNA because only tight attachments of primers led to
amplification. The results of plimer set A run with an increased annealing temperature
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were run out on a TBE gel and the result is shown in Fig. 4. This figure also contains the
results of RT-PCR run with primers for a separate gene as well.
Fig. 4: Products of RT-PCR with raised annealing temperature

Fig. 4: The Hyperladder (A) was used for comparison to the RT-PCR reaction using primer set A (B). A control
reaction without primer set A was also run (C). RT-PCR produced three distinct bands (1, 2, and 3) using primer set A.
An RT-PCR primer set designed for a separate gene (E) and its control (D) were also run on the same gel.

The clarity of the bands produced with primer set A (B) compared with the rest of the
lane indicates relatively little inadvertent amplification. Primer set A produced three
distinct bands of approximately 400bp (B, band 1), 300bp (B, band 2) and 190bp (B,
band 3) in length with less unexpected amplification.
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Vector Cloning
Bands 1,2 and 3 (Fig. 4) amplified from primer set A were removed from the
electrophoresis gel and inserted into plasmid vectors using a TOPO TA Cloning Kit
(Invitrogen, Carlsbad, CA) and then into E. coli cells. This procedure did not work
because removing the bands from the gel resulted in a loss of DNA. Low-melting point
agarose was then used which allowed the bands to be isolated and inserted into E. coli
cells. Individual E. coli colonies were grown to replicate the vector plasmid with an
insert, plasmid preparations were conducted, and an Eco R 1 digest was perfonned to
check the presence of an insert in the vector. The Mini-Plasmid Preparation Protocol
(Invitrogen, Carlsbad, CA) was unsuccessful in yielding a product for an unknown
reason. A standard phenol-chlorofonn procedure (Winstanley 2000) was then adopted in
place of the Plasmid Preparation Protocol in an attempt to isolate the plasmid from the E.

coli cells. The plasmid was successfully isolated and an Bco Rl digest was run to
remove the insert. The insert could not be isolated successfully, so the undigested
plasmid containing the insert was sent to a sequencing lab (MCLabs, San Francisco) to
isolate the insert sequence. The insert sequence is bordered by M13 cloning sites which
allowed MCLabs to sequence just the Knox insert. The Knox insert sequence obtained by
MCLabs was then returned and could be compared to other sequences using the NCBI
Website and Clustal-X.
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Discussion
Microscopy
The secondary goal of characterizing the leaf meristems in Kalanchoe pinnatum
using light microscopy was accomplished. The images obtained provide a useful
depiction of the Kalanchoe shoot apical meristem. This basic, visual understanding of
this tissue will be useful when beginning future work, such as in situ hybridization.

RNA Isolation
Early problems were encountered with Kalanchoe RNA isolation due to the
succulent nature of the plant. Succulent plants are high in phenolic and polysaccharide
compounds. These compounds bind to or co-precipitate with RNA during RNA Isolation
(Gehring et aI., 2000; Salzman et al., 1999; Tattersall et aI., 2005). By removing these
compounds with HMW-PEG, RNA isolation was able to produce RNA (Fig. 2) useful in
further steps.

RT-PCR
Because the primers used in this procedure were designed to attach to Knox genes,
their successful amplification verifies the primary hypothesis of this work, Knox genes
are operating in the leaf meristems of Kalanchoe pinnatum. Primer set A was effective in
amplifying DNA products from the RNA gathered from Kalanchoe leaves. Set A
produced products of approximate lengths: 400bp(l), 300(2) and 190(3). These products
were close to the expected length of 500bp.
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Sequence Comparisons
The determination of the Knox sequence genetic code found in RT-PCR fulfills
the goal set forth in the introduction. The sequences received back from the lab (lB, 2D
and 3H) correspond to bands 1,2 and 3 (Fig. 4), respectively.
Figure 5: Results of sequencing

> IB (Fig. 4. Band 1)

ACTTCTTCTTCCCTTGCTTCCTGGACTTCCTCTGTCTTTAATGTGGTAAAGCTATCATC
ATCTACGCTTGCAGCAGGCACCCTAGTGTCTTCAGTCTCAATAGGCAAATGCACCTTT
TCTTGCTCCCCTTGCTCATCTTGTCGCACAGTTGCTTCCTTTGTGTTATCATTTTCTGC
CACATTTTGATTGTCTTCCACTTGATTTTCCAGTGATGCTTCTCCCTGGACTTCTTCTC
GCTTAAGGATTGTGATATCTTCATCGTTCACAGAAAGCGAGGGCTCATTGCCTTTAG
GTTCATTTGGCAGCTGATCAGACTGGGCGTGATCATCATCCCGCACAACCACTTTGTC
TGCAGTTTGTGTCTCTTTGGCATGATCTATTTCCTTCTCGAGTACCTCGCCAGGGTGCT
CCTATCTTTTGACAA
> 2D (Fig. 4, Band 2)

AGTTCTTCTTCCCTTGCTTCATCCTGGTCATGGATAGATCACCCAGGTTCGGGTCCAT
AAGCAGTGACAATTGCCCTATGAAGACTCGCTTTCGCTACGGCTCCGGTGGGTTCCC
TTAACCAAGCCACTGCCTATGAGTCGCCGGCTCATTCTTCAACAGGCACGCGGTCAG
AGCCAGGGCTCCTCCCACTGCTTGGGAGCTTACGGTTTCATGTTCTATTTCACTCCCC
GATGGGGGTTCTTTTCACCCTTCCCTCACGGTACTACTTCGCTATCGGTCACCCAGGA
GTATTTAGCCTTGCAAGGTGCTCCTATCTTTTGACAA
> 3H (Fig. 4, Band 3)

ATTCTTCTTCCCTTGCTTCTTCTTCTCGCCTTCGTGATGCTCCCTCCTCTTCTCTCCATC
GCCGCGGATCTTGTCCTCGATCCTGTCCAGCAGGCCTTCGTTGTGGTCCCCTGAGTTG
TGCCCCTCCTCCGCTTTGTGGTGCTCCTCCTCCTTGTGGTGCTCTTCCGCCGTGTGGT
GCTCCTATCTTTTGACAA
These sequences were compared using a Blast search on the NCBI website to other
known RNA sequences. Sequence 2D did not show similarity to other homeodomain
containing RNA sequences. It is likely that sequence 2D was inadvertently amplified
because it contained a non-homeodomain sequence that primer set A could attach to.
Sequence I B showed 43.17% similarity to a knotted-I-like protein mRNA sequence in

Helianthus annus (appendix 5). Sequence 3H also showed 44% similarity to the same
knotted-I-like protein mRNA sequence in Helianthus alU1US (appendix 6). Knotted
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mRNA sequences were one of the first classes of Knox genes discovered to encode
homeodomain-containing proteins in maize (Hake et al., 2004, Nishimura et al., 2000).
Sequences IB and 3H showing similarity to another gene that has been proven to encode
homeodomain-containing proteins gives support to the conclusion that sequence IB and
3H also contain homeodomain regions. Because these two sequences (IB and 3H) have
homeodomains and have been discovered in a new species of plant, a naming system of
these genes is necessary. Hok-l and 3 (homeodomain Kalanchoe) refers to sequences IB
and 3H returned from MCLabs that were shown to contain homeodomain regions.

Future Directions
The conclusion of this project yielded two partial mRNA sequences that show
strong similarity to other Knorred mRNA sequences. The next step in this process will be
to use an Invitrogen GeneRacer Kit (Carlsbad, CA) to obtain the full sequence of both
partial sequences. The GeneRacer Kit functions by utilizing the poly-A tail end of an
mRNA transcript isolated from Kalanchde. A poly-T primer attaches to this tail and
allows a Polymerase enzyme to make a full copy of the mRNA transcript (Invitrogen,
Carlsbad, CA). When the full sequences are found, the process of in situ hybridization
will be useful in determining where exactly in the apical meristems and leaves these two
mRNA sequences are being transcribed. In situ hybridization is done by radioactively
labeling DNA Hok mRNA. The labeled DNA is applied to thinly sectioned Kalanchde
leaf meristem tissue. Where the radioactivity is shown will indicate which cells are
expressing Hok mRNA. If Hok indeed functions to interact with DNA and regulate other
genes, the labeled DNA should be seen in the nuclei of meristem cells (Hartwell et al.,
2004). A final interesting step will be to alter Kalanchoe gene expression with
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transfonnation studies. The Hok transcripts discovered here will be introduced into

Kalanchoe plants and their ability to induce meristem fonnation will be studied. Ectopic
meristem fonnation as a result of altered Knox expression has been observed in Maize
(Hake et a!., 2004) and Arabidopsis (Gallais et a!., 2002).
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Appendices
Appendix 1: Materials
Microscopy
-Sorvall Microtome
-Refri gerator
-Microscope Slides
-Haupt's Adhesive
-3% Formalin
-Permamount coverslip adhesi ve
-FAA
-Xylene
-Ethanol
-Paraffin Wax
-Safranin Stain
-Fast Green Stain
-Leica DMLB Light Microscope with Spot Imaging System attachment by
Diagnostic Instruments, Inc.
-Fisher Scientific Isotemp Oven
RNA Isolation
QIAGEN RNeasy Plant Mini Kit (Cat. No. 74903)
-Liquid Nitrogen supplied by the Butler University Department of Chemistry
-High Molecular Weight Polyethylene Glycol (HMW-PEG)
-BioRad Model 16K Microcentrifuge
-1.5mL and 2.0mL eppendorf tubes
-l.OmL cryovials
RT-PCR
Cady Spectrophotometer
-I.GmL crystal cuvettes
QIAGEN OneStep RT-PCR Kit
-mineral oil supplied by Dr. Hoops
-peR tubes
-PTC-IOG Programmable Thermal Controller, MJ Research, Inc.
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Table 2: Primers Designed during this Work (SIGMA Genosys)
Primer Set 0

Melting Temp.

Oligo Sequence

Olico7

55.94°C

AGCTTGATCAGTTCATGG
CTTCCCTTGATTGATAAACC

57SC
Oliao8
Exoec1ed Product Lenqth
Desianer:
Rvan Gleason

Approx. 400 - 475bo

Primer Set E
Oliao 9

55.0TC

55.6S'C
Olico 10
Exoected Product Lenath
Ryan Gleason
Desianer:

AAGCTATGGAGTTCATGC
AGGATAAOGCCATTTGTAG
Aporox. 230 - 294bp

Vector Cloning
Invitrogen TOPO TA Cloning Kit for Sequencing (part no. 45-0030), (cat. no. 1346656)
-pCR®4-TOPO® Vector
-Model 025 Incubator Shaker, New Brunswick Scientific Co., Inc.
-Queue CO 2 Incubator
Invitrogen PureLink Quick Plasmid Miniprep Kit (cat. No. K2100-10)
Mini-Plasmid Preparation Protocol Materials
-Solution I: (25mM Tris pH 8.0, 50mM glucose, IOmM EDTA)
-Solution 2: (l % SDS, 0.2M NaOH)
-Solution 3: (5M potassium acetate, Phenol Chlorofonn, 95% BtOH, 70% EtOH)
-Aspirator
-Vacuum container
-&0 Rl enzyme (supplied by Dr. Kam)

Gel Electrophoresis
BioRad Mini-Sub Cell GT Electrophoresis Tray
-BioRad PowerPac Basic Power Source
-Formaldehyde-agarose Running Buffer (QIAGEN Mini Handbook, pg. 104)
-5x TBE Running Buffer
-Ethidium Bromide
'
-Amresco Agarose 1 (0710- 100G)
-Bioline Hyperladder II
Standard UV Light Box, Fotodyne, Inc.
Invitrogen PureLink Quick Gel Extraction Kit
Chemilmager 5500, Alpha-Innotech Corp. with Flourochem program
Amresco Agarose II: Low Melting Temperature Agarose (081 5-25G)
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Appendix 2: Fixation Method
I. Fix tissues in FAA solution for 24hrs after aspirating
2. Allow tissues 2 hrs. in each of the following solutions
A. 50% EtOH
B. 70% EtOH
C. 85% EtOH
D. 95% EtOH
E. 100% EtOH
F. 1: 1 EtOH: Xylene
G. 100% Xylene
H. 100% Xylene
3. Add Y2 volume hot paraffin wax until the smell of xylene is gone.

Appendix 3: Formula for RNA concentration calculation

=40 x A260 x Dilution
Concentration of RNA x volume of isolated sample (/lL) =Total RNA isolated (/lg)

Concentration of Kalanchoe RNA(/lg/mL)

A

--.--.--------

4..

Species
Zea mays
$orqhum bieoJor
Setaria italica
Lyeopersicon
esculentum
Nicotiana tabacum
Malus domestiea
HeJianthus annus
Antirrhinum majus
hirizina
Ipomea nil
Esehseholzia
californ;ca
Brassica oleracea

eel

RN

- - - - - - - ----- .-- - - ..... ------- - - - - -- -- - - - - ---- r-------

Locus
D0056232
00317417
D0317420

Sequence
length
564 bp
1044 bp
1032 bp

Date
61712005
1/25/2006
1/25/2006

LEU 32247
AB025714
MDKN11
AY096803

1495 bp
1929 bp
1759 bp
1423 bp

7/9/2002
4/18/2005
10/10/2003

AY072736
AB016000

1462 bp
1397 bp

5/10/2002
8/1/1998

mRNA
PKn2 (knotted-like Qene)

00012434
AF193813

924 bp
1367 bp

7/18/2005
3/29/2000

shoot meristemless-Iike protein (STM)
shoot meristemless (slm) mANA

4/9/1996

Definition
Kn1 knotted 1 mANA
KNOTIED1 homeodomain protein (KN1)
KNOTIED1 homeodomain protein (KN1)
Knotted 1 mRNA
mRNA for homeobox 20
mANA for kn1-like protein
knotted-Hike protein 2 (kn2)

Appendix 5: Sequence comparison between insert 18 and knotted·l~likeprotein
mRNA sequence in Helianthus annus (accession number: AY096802.1)
lB_M13r -----------------------------------------------------------Heli
GGAGAGAGCGAGAGAGAGAGAGAGAGAGAGATGGAGAGTGATGGAGATGGAGGTGGTACT

60
lB_M13r -----------------------------------------------------------Heli
TCATCATGTTTGATGAGTTTTGGAGACACCACCAACAACATAAATAATAACAGTAGTAAT
120
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IB_M13r -----------------------------------------------------------Heli
AATAATAACAGTAATAACAACATTGGATCACTGTGTCTTCCTCCAAACCCACCTGGTGCA
180

IB_M13r -----------------------------------------------------------Heli
TATAACACCACCACCAACAACAATAACCTAATTTTCTCTGATCATCATCCTTCTGCTATG
240

IB_M13r -----------------------------------------------------------Heli
ATGCTTGAAGACAACAACATTAATATCAATGATGGTGTAGGGTTAGCCTTCATGAACCCC
300

IB_M13r -----------------------------------------------------------Heli
TCTTCTTCTGTTAAAGCAAAGATCATGTCTCATCCTCATTACCCTCGTCTTTTATCAGCT
360

IB_M13r -----------------------------------------------------------Heli
TATCTCAACTGTCAAAAGATAGGAGCACCACCTGAAGTAGTTGAAAGACTAGAGGAAGCT
420

IB_M13r -----------------------------------------------------------Heli
TGCAGGGCCTCGGTGGTGGCTGCAATGTCCAGTTGCTCCGGTGGAGCTGGTACTAGCGAT
480

18_M13r -----------------------------------------------------------Heli
GGTAGTGGTGGTGGAATGAATATGATCATTGGACAAGATCCAGCACTTGATCAGTTCATG
540

IB_M13r -----------------------------------------------------------Heli
GAAGCTTACTGTGAGATGCTGATAAAATATGAACAAGAACTCTCAAAACCCTTTAAAGAA
600

IB_M13r -----------------------------------------------------------Heli
GCCATGCTTTTTCTCTCAAGAATTGAGTCCCAGTTCAAAGCTATCTCTATTTCCACTTCA
660

IB_M13r -----------------------------------------------------------Heli
GATTCTGCTGGTGGTGAAGGAGGCATGGACAAAAATGGATCATCCGAAGAAGAGGTGGAT
720

IB_M13r -----------------------------------------------------------Heli
GTAAATAACAATCTCATTGATCCTCAAGCTGAAGACCGAGAGTTGAAGGGTCAGCTGTTG
780

IB_M13r -----------------------------------------------------------
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Heli
840

CGCAAGTATAGCGGTTATTTAGGTAGTCTCAAGCAAGAGTTCATGAAAAAGAGAAAGAAA

IB_MI3r -----------------ACTTCTTCTTCCCTTGCTTCCTGGACTTCCTCTGTCTTTAATG
43
Heli
GGGAAGTTACCAAAAGAAGCTCGTCAACAATTGCTCGACTGGTGGACCAGGCATTACAAA
900
* ** **
*
*****
'*
**
*
*
*
IB_M13r TGGTAA-AGCTATCATCATCT---ACGCTTGCAGCAGGCACCCTAGT--GTCTTCAGTeT
97

Heli
960

TGGCCATACCCTTCGGAGGCTCAGAAGCTGGCACTTGCCGAGTCGACAGGACTTGACCAG

***

* * *

'**

'O*

* *** ***

. .

* *** *

IB_M13r CAATAGGCAAATGCACCTTTTCTTGCTCCCC------TTGCTCATCTTGTCGCACAGTTG
151
Heli
AAACAGATAAACA-ACTGGTTCATAAACCAAAGGAAGCGGCACTGGAAGCCGTCCGAAGA
1019
'O'O
'O'O
** **
***
*** *
'* **
*
** *
IB_M13r CTTCC--TTTGTGTTATCATTTTCTGCCACATTTTGATTGTCTTCC-----ACTTGATTT
204
Heli
CATGCAATTTGTGGTAATGGATGCTGCT-CATCCTCACTATTTCATGGAGAACATGAACA
1078
** ***
* ****
***
* * * * *
'* * * ****** **
1B_M13r TCC--AGTGATGCTTCTCCC-TGGACTTCTTCTCGCTTAAGGATTGTGATATCTTCATCG
261
Heli
TCCTTGGTAATCCTTATCCCATGGATGTTTCACTTCTCTAGTGCTAAATTATATAAAACC
1138
'O'O"
***..* *
** ** *** **** ****
* *
**
**
"

18_M13r TTCACAGAAAG-CGAGGGCTCATTGCCTTTAGGTTCATTTGGCAGCTGATCAGACTGGGC
320
Heli
TCCAGTGTGTGTCAACAAATGATTGGTCTGGGTTTGAACTTG--ATTGAAACTATTGAGG
1196
.. * ..
* **
*'
* ****
* ** *
* * ** * * *
***
IB_M13r GTGATCATCATCCCGCACAACCACTTTG--TCTGCAGTTTGTGTCTCTTTGGCATGATCT
378
Heli
GTTTTTACAAGTTTGT-CAGCTGTTAAGGATTTAATGTTTCCAATTTGTCCGTAGAACTT
1255
****
**
* *
'*
*
** *
* * * *
* * *" * * *
1B_M13r ATTTCCTTCTCGAGT--ACCTCGCCAGG-GTGCTCCTAT--CTTTTGACAA--------
424
Heli
AAATTATTCTAGACTTTGTTTTGTAAGCCATGTACGTACTGCCATTGGTAATATATTTCA
1315
*
***
**
*
**** ** *
** * **
* * **
1B_M13r ---------------------------------Heli
TGTTTAGCTTCCGTATTTTAAAAAAAAAAAAAAA
1349
Percent Similarity

~

43.17%
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Appendix 6: Sequence comparison between insert 3H and knotted-I-like protein
mRNA sequence in Helumthus annus (accession number: AY096802.I)
3H_M13r -----------------------------------------------------------Helia
GGAGAGAGCGAGAGAGAGAGAGAGAGAGAGATGGAGAGTGATGGAGATGGAGGTGGTACT
3H_M13r -----------------------------------------------------------Helia
TCATCATGTTTGATGAGTTTTGGAGACACCACCAACAACATAAATAATAACAGTAGTAAT
3H_M13r ------------------ATTCTTCTTCCCTTGCTTCTTCTTCTCG-CCTTCGTGATGCT
Helia
AATAATAACAGTAATAACAACATTGGATCACTGTGTCTTCCTCCAAACCCACCTGGTGCA
* ** ***** **
** * ** ***
*
**
3H_M13r CCCTCCTCTTCTCTCCATCGCCGCGGATCTTGTCCTCGATCCTGTCCAGCAGGCCTTCGT
Helia
TATAACACCAC-CACCAACAACAATAACCTAATTTTC---TCTGATCATCATCCTTCTGC
* **
* **
***
** **
* *
*
* * * * *** * *
3H_M13r TGTGGTCCCCTGAGTTG-TGCCCCTCCTCCGCTTTGTGGTGC----TCCTCCTCCTTGTG
Helia
TATGATGCTTGAAGACAACAACATTAATATCAATGATGGTGTAGGGTTAGCCTTCATGAA
* * *
* ** * *
* *****
*** * **
**
*
3H_M13r GTGCTCTTCCGCCGT----GTGGTGCTCCTATCTTTTGACAA-----------------
Helia
CCCCTCTTCTTCTGTTAAAGCAAAGATCATGTCTCATCCTCATTACCCTCGTCTTTTATC
******
* **
* ** * ***
*
*
*
3H_M13r -----------------------------------------------------------Helia
AGCTTATCTCAACTGTCAAAAGATAGGAGCACCACCTGAAGTAGTTGAAAGACTAGAGGA
3H_M13r -----------------------------------------------------------Helia
AGCTTGCAGGGCCTCGGTGGTGGCTGCAATGTCCAGTTGCTCCGGTGGAGCTGGTACTAG
3H_M13r -----------------------------------------------------------Helia
CGATGGTAGTGGTGGTGGAATGAATATGATCATTGGACAAGATCCAGCACTTGATCAGTT
3H_M13r -----------------------------------------------------------Helia
CATGGAAGCTTACTGTGAGATGCTGATAAAATATGAACAAGAACTCTCAAAACCCTTTAA
3H_M13r -----------------------------------------------------------Helia
AGAAGCCATGCTTTTTCTCTCAAGAATTGAGTCCCAGTTCAAAGCTATCTCTATTTCCAC
3H_M13r -----------------------------------------------------------Helia
TTCAGATTCTGCTGGTGGTGAAGGAGGCATGGACAAAAATGGATCATCCGAAGAAGAGGT
3H_M13r -----------------------------------------------------------Helia
GGATGTAAATAACAATCTCATTGATCCTCAAGCTGAAGACCGAGAGTTGAAGGGTCAGCT
3H_M13r -----------------------------------------------------------Helia
GTTGCGCAAGTATAGCGGTTATTTAGGTAGTCTCAAGCAAGAGTTCATGAAAAAGAGAAA
3H_M13r -----------------------------------------------------------Helia
GAAAGGGAAGTTACCAAAAGAAGCTCGTCAACAATTGCTCGACTGGTGGACCAGGCATTA
3H_M13r -----------------------------------------------------------Helia
CAAATGGCCATACCCTTCGGAGGCTCAGAAGCTGGCACTTGCCGAGTCGACAGGACTTGA
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3H_M13r -----~---------------------------~-------------------------Helia
CCAGAAACAGATAAACAACTGGTTCATAAACCAAAGGAAGCGGCACTGGAAGCCGTCCGA
3H_M13r -------------------------~---------------------------------Helia
AGACATGCAATTTGTGGTAATGGATGCTGCTCATCCTCACTATTTCATGGAGAACATGAA
3H_M13r -----------------------------~-----------------------------Helia
CATCCTTGGTAATCCTTATCCCATGGATGTTTCACTTCTCTAGTGCTAAATTATATAAAA
3H_M13r -----------------------------------------------------------Helia
CCTCCAGTGTGTGTCAACAAATGATTGGTCTGGGTTTGAACTTGATTGAAACTATTGAGG
3H_M13r -----------------------------------------------------------Helia
GTTTTTACAAGTTTGTCAGCTGTTAAGGATTTAATGTTTCCAATTTGTCCGTAGAACTTA
3H_M13r -----------------------------------------------------------Helia
AATTATTCTAGACTTTGTTTTGTAAGCCATGTACGTACTGCCATTGGTAATATATTTCAT

3H_M13r -----------------------------Helia
GTTTAGCTTCCGTATTTTAAAAAAAAAAAA

Percent Similarity

=44.0%

29

Works Cited
Allaby, M. Differentiation, meristem. (1992). In Concise Oxford Dictionary of Botany.
253. Oxford: Oxford University Press.
Gallois, 1., Woodward, c., Reddy, G., and Sablowski, R. (2002). Combined SHOOT
MERISTEMLESS and WUSCHEL trigger ectopic organogenesis in Arabidopsis.
Development 129. 3207-3217.
Gehring, H.H., Winter, K, Cushman, 1., Borland, A. and T. Taybi. (2000). An Improved
RNA Isolation Method for Succulent Plant Species Rich in Polyphenols and
Polysaccharides. Plant Molecular Biology Reporter 18.369-376.
Hake, S., Smith, H., Holtan, H., Magnani, E., Mele, G., and Ramirez, J. (2004). The Role
of Knox Genes in Plant Development. Annual Review Cell Devevelopmental
Biology 20. 125-151.
Hartwell, L.H., Hood, L., Goldberg, M.L., Reynolds, A.E., Silver, L.M. and R.c. Veres.
(2004). Genetics: from Genes to Genomes, 2nd Ed. New York: McGraw-Hill
Company, Inc.
Invitrogen GeneRacer Kit Handbook. Carlsbad, CA. 10 April 2006.
Invitrogen TOPO TA Cloning Kit for Sequencing. Carlsbad, CA. 10 April 2006
Invitrogen PureLink Quick Gel Extraction Kit. Carlsbad, CA. 15 March 2005.
Jackson, D., Veit, B., Hake, S. (1994). Expression of maize KNOTTEDl related
homeobox genes in the shoot apical meristem predicts patterns of morphogenesis
in the vegetative shoot. Development 120. 405-413.
Johansen, Donald Alexander. (1940). Plant Microtechnique. New York: McGraw-Hill
Book Company, Inc.
Kim, M., Pham, T., Hamidi, A., McCormick, S., Kuzoff, R.K and Sinha, N. (2003).
Reduced leaf complexity in tomato wiry mutants suggests a role for PHAN and
KNOX genes in generating compound leaves. Development 130.4405-4415.
Kumaran, M., Bowman, J., Sundaresan, V. (2002). YABBYPolarity Genes Mediate the
Repression of KNOX Homeobox Genes in Arabidopsis. The Plant Cell 14. 2761
2770.
Lenhard, M., Jiirgens, G., Laux, T. (2002). The WUSCHEL and SHOOTMERlSTEMLESS
genes fulfil complementary roles in Arabidopsis shoot meristem regulation.
Development 129. 3195-3206.
Lincoln, C., Long, J., Yamaguchi, J., Serikawa, K, Hake. S. (1994). A knottedl-like
Homeobox Gene in Arabidopsis is Expressed in the Vegetative Meristem and
Dramatically Alters Leaf Morphology When Overexpressed in Transgenic Plants.
The Plant Cell 6. 1859-1876.
Nishimura, A., Tamaoki, M., Sakamoto, T., and Matsuoka, M. (2000). Over-Expression
of Tobacco knottedl-Type Class 1 Homeobox Genes Alters Various Leaf
Morphology. Plant Cell Physiol. 41(5). 583-590.
Pien, S., Wyrzykowska, 1., McQueen-Mason, S., Smart, c., and A. Fleming. (2001).
Local expression of expansin induces the entire process of leaf development and
modifies leaf shape. PNAS 98:20. 11812-11817.
QIAGEN OneStep RT-PCR Kit Handbook. Valencia, CA. May 2002.
QIAGEN RNeasy Plant Mini Handbook. Valencia, CA. June 2001.

30

Quattrocchi, Umberto. (2000). Kalanchoe Adans. Crassulaceae. In CRC World
Dictionary ofPlant Names, Vol. II D-L. Boca Raton: CRC Press.
Salzman, R.A., Fujita, T., Zhu-Salzman, K., Hasegawa, P.M., and R.A Bressan. (1999).
An improved RNA isolation method for plant tissues containing high levels of
phenolic compounds or carbohydrates. Plant Molecular Biology Reporter. 17: 11
17.
Smith, L.G., Greene B., Veit, B., and S. Hake. (1995). A dominant mutation in the maize
homeobox gene, Knotted-I, causes its ectopic expression in leaf cells with altered
fates. Development 116: 344-48.
Tattersall, Elizabeth AR., Ergul, A, AIKayal, F., DeLuc, L., Cushman, J.c., G.R.
Cramer. (2005) Comparison of Methods for Isolating High-Quality RNA from
Leaves of Grapevine. Amer. J. Enol. Vitic 56(4). 400-406.
Vollbrecht, E., Veit, B., Sinha, N., Hake, S. (1991). The developmental gene Knotted-l is
a member of a maize homeobox gene family. Nature 350.241-243.
Winstanley, C. and R. Rapley. (2000). Extraction and Purification of Plasmid DNA. In
Nucleic Acid Protocols, Ralph Rapley, 327-331. Totowa, New Jersey: Humana
Press.
Yarbrough, J.A. (1932). Anatomical and developmental studies of the foliar embryos of
Bryophyllum calycinum. American Journal ofBotany. 19(6).443-453.

31

